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THE  DETERMINATION  OF  ASBESTIFORM 
MINERAL  FIBRE  LEVELS   IN  AIR  AND  WATER 
TENTATIVE 


The  term  asbestos  was  originally  given  to  fibrous 
silicates  of  sufficient  length  to  be  commercially  valuable, 
especially  as  spinnable  fibres.     The  term  asbestiform  minerals 
is  also  used  to  denote  minerals  of  the  serpentine  and  amphibole 
groups  that  have  fibrous  morphology.     Chrysotile  is  the  most 
common  fibrous  serpentine.     The  amphibole  minerals  include  antho- 
phyllite,   tremolite,   actinolite,  crocidolite,  amosite  and 
hornblende. 

Asbestos  occurs  as  an  environmental  air  and  water 
pollutant  through  both  natural  causes  and  human  operations. 
Although  wind  and  water  erosion  of  rock  formations  introduce 
fibres  into  the  atmosphere  and  water  bodies,  modern  usage  of 
asbestos  in  over  four  thousand  industrial  and  domestic  appli- 
cations has  provoked  concern  over  the  amount  introduced  into 
the  environment  by  the  mining,  milling  and  manufacturing  of 
products  containing  asbestos . 

Airborne  asbestos  is  suspected  to  cause  asbestosis 
in  humans.     Inhalation  and  ingestion  of  large  amounts  of  asbestos 
have  been  mentioned  in  relation  to  lung  and  gastro-intestinal 
cancer.     The  toxic  effects  of  environmentally  occurring  fibres 
in  waters  and  ambient  air  have  not  been  determined  due  to  the 
long  latency  period   (10-30  years)   of  asbestos  related  diseases, 
and  the  lack  of  sound  analytical  data,  which  renders  difficult 
the  establishment  of  dose  effect  relationships. 

1.     Sample  Handling  and  Preservation 

Air  samples  are  collected  by  means  of  Hi-Vol  samplers, 
on  20  cm  X  25  cm  nuclepore  filters    (pore  size  0.4  iim)  .  The 
air  sampler  should  be  equipped  with  a  calibrated  transducer 
and  a  continuous  air  flov;  recorder.     The  filter  is  secured 
in  a  Hi-Vol  filter  cassette  within  a  sheltered  environment 
and  the  assembly  is  then  attached  to  the  Hi-Vol  sampler  at 
the  field  site.     After  sampling,  the  filter  is  removed 
from  the  cassette,  again  in  a  sheltered  environment,  placed 
on  a  20  om  X 2 5  em  separator  sheet   (supplied  with  the  filter) 
with  the  sample  side  up.     Both  filter  and  separator  sheet 
are  then  folded  in  half  along  the  20  cm  width  and  placed 
in  a  glassine  envelope.     The  envelope  is  sealed  and  miailed 
to  the  laboratory  for  analysis . 
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Water  samples  are  collected  in  1   liter  plastic  bottles, 
which  have  been  pre-rinsed  with  the  water  to  be  sampled. 
Water  samples  should  be  shipped  to  the  laboratory  without 
delay  and  not  allowed  to  freeze. 

All  samples  submitted  to  the  laboratory  for  asbestos 
analysis  must  be  accompanied  by  pertinent  sampling  data. 

2 .     Selection  of  Method 

Although  several  techniques,   such  as  X-ray  diffraction, 
optical  microscopy,   IR  spectroscopy,  etc.,  can  be  used  for 
the  analysis  of  asbestos,   transmission  electron  microscopy 
is  currently  the  technique  chosen  by  most  asbestos  analysts. 
The  very  high  resolution  and  electron  diffraction  capability 
of  the  transmission  electron  microscope  are  required  for  the 
identification  and  enumeration  of  the  minute  fibres.  Medical 
studies  are  concerned  with  the  total  number  and  the  size 
distribution  of  the  fibres  and  techniques  that  only  provide 
gravimetric  data  are  of  limited  value. 

For  preparation  of  the  electron  microscope  grid,  two 
basic  techniques  exist.     In  one,  a  filter  containing  the 
sample  is  carbon  coated  to  fix  the  particles  in  place.  An 
aliquot  of  the  filter,  approximately  3  mm  X  2  mm ,   is  then 
transferred  to  a  grid  and  the  filter  material  dissolved 
using  an  organic  solvent,   leaving  the  carbon  film  with  the 
solids  on  the  grid.     In  the  second  preparative  technique, 
a  known  aliquot  of  the  filter  is  combusted  in  a  low  temper- 
ature   plasma  machine.     The  ash  is  suspended  in  fibre-free 
water  and  an  aliquot  of  the  suspension  transferred  to  the 
grid  by  means  of  a  micro  pipette.     For  the  first  technique, 
the  nuclepore  membrane  filter  appears  to  be  the  filter  of 
choice  because  of  its  smooth  surface.     The  U.S.  -  E.P.A. 
method  for  water  samples  is  based  on  this  technique.  For 
the  second  technique,  any  low  temiperature  combustible  filter 
with  a  low  ash  content  can  be  used.     This  technique  has 
been  developed  for  the  interim  method  of  the  Laboratory 
Services  Branch  because  it  is  applicable  both  to  air  and 
water  samples  without  modification  and  only  this  method 
will  be  described. 
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THE  DETERMINATION  OF  ASBESTIFORM 
MINERAL  FIBRE  LEVELS   IN  AIR  AND  WATER 
BY  TRANSMISSION  ELECTRON  MICROSCOPY 
(TENTATIVE) 


SUMMARY 


Substance 
determined . 

Interpretation 
of  results. 


Principle  of 
method . 


Time  required 
for  analysis. 


Range  of 
application, 

Standard 
deviation . 


Asbestiform  mineral  fibres  (chrysotile, 
amphiboles)   and  other  inorganic  fibres. 

This  method  measures  the  number  of  asbestos 
fibres  occurring  environmentally  per  unit 
volume  of  air  or  water  and  is  a  total 
assessment  of  all  inorganic  fibres  having 
a  length  greater  than  0 . 1  \im ,     A  size  dis- 
tribution is  also  provided. 

The  asbestos  particles  are  concentrated  by 
filtering  a  measured  amount  of  air  or  water 
through  an  organic  filter.     A  portion  of 
the  filter  is  combusted  in  a  low  temperay 
ture  plasma  machine  to  destroy  the  filter 
and  any  other  organic  material.     The  resi- 
due is  suspended  ultrasonically  in  a  small 
amount  of  purified  water,  and  a  known  frac- 
tion of  the  suspension  is  placed  on  a  pre- 
treated  electron  microscope  grid.     The  grid 
is  observed  in  a  transmission  electron 
microscope  at  20,000X  magnification  and  the 
number  of  asbestos  fibres  are  counted  on 
25  grid  squares.     The  number  of  fibres  in 
the  sample  is  calculated  from  concentration 
factors  used. 

Two  days  ■-  one  day  for  sample  preparation, 
one  day  for  microscopic  examination  and 
calculations  of  the  results. 

Depends  on  sampling  and  analytical  condi- 
tions . 

2    fibres / grid  square  in  the  range  of 
0.4  to  20  fibres/grid  square.     Samples  are 
usually  prepared  to  try  and  obtain  an  op- 
timum distribution  of  10-20  fibres / grid 
square . 
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DETERMINATION  OF  ASBESTIFORM 


MINERAL  FIBRE  LEVELS   IN  AIR  AND  WATER 
BY  TRANSMISSION  ELECTRON  MICROSCOPY 
(TENTATIVE) 


1.  Introduction 

A  water  sample  is  concentrated  by  vacuum  filtering 
through  a  47  mm  dia.   nuclepore   filter  paper  of  0.2  \xm 
pore  size.     Air  particulate  samples  are  received  already 
collected  on  20  em  X  25  cm  nuclepore  filters  of  0.4  \xm 
pore  size.     Both  types  of  particulate  matter,  airborne  and 
water-suspended     are,   therefore,   on  a  combustible  organic 
filter,  and  a  segment  of  each  filter  is  processed  in  the 
same  manner.     After  treatment  the  sample  is  placed  on  a 
grid  for  examination  at  20^000^  magnification  and  the  fibres 
on  25  grid  squares  are  identified/   counted  and  sized. 
The  number  of  fibres  in  the  sample  are  calculated  from  the 
concentration  factors  used. 


2 .     Interferences  and  Shortcomings 

Since  the  occurrence  of  asbestos  is  widespread,  back- 
ground contamination  is  unavoidable.     However,  background 
levels  can  be  kept  as  low  as  one  fibre  per  10  grid  squares 
by  maintaining  clean,  dust-free  laboratory  conditions,  and 
by  cleaning  all  glassware  used  in  sample  preparation  with 
detergent  and  sonicating  in  distilled     filtered  water  and 
alcohol.     The  background  level  must  be  routinely  checked. 

Non-asbestos  fibres    (e.g.  glass  fibres)   can  be  confused 
with  amphibole  fibres.     However,  amphiboles  can  usually  be 
identified  by  electron  diffraction. 

Because  the  sample  undergoes  various  manipulative 
steps,  the  possibility  of  fibre  loss,  contamination  and 
fibre  break-up  exists. 

Identification  and  enumeration  criteria  vary  from 
analyst  to  analyst,  hence  interlaboratory  tests  tend  to  give 
varying  results. 
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FLOWaiART  PESCRTPTIJON 
OF 

ASBESTIFORM  MINERAL  FIBRE  ANALYSIS 


Suspended  air  particulate 
sample 


Water  sample 


 '  

Collect  on  20  cm  X  25cm 
nuclepore  filter  0.4  \m 
pore  size 


Filter  through  4  7  mm  dia. 
millipore  or  nuclepore 
f  ilter  (9.  2  iJm  pore  size 


Ash  filter  aliquot  in  low 
temp,  plasma  machine  at 
<100^C 


Suspend  ash  in  1.0-2.0  mL 
of  water,  ultrasonically 


Transfer  1-5  ]il  to  carbon 

coated  EM  grid 


TEM 

Morphology  and  electron 
diffraction 
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3 .  Apparatus 

For  Sample  Preparation 

a)  scalpel  or  scissors 

b)  small  glass  vial   (precleaned)  with  lid 

c)  ruler  or  other  measuring  device 

d)  tweezers 

e)  low  temperature  plasma  machine   (e.g.  International 
Plasma  PM108C) 

f)  ultra  sonic  bath 

g)  desiccator 

h)  1  ml  pipette 

i)  2  micro  pipettes  or  syringes 
j)  infra-red  lamp 

k)  prepared  electron  microscope  grids   (see  procedure 
below) 

i)     double  coated  tape 

For  Grid  Preparation  and  Examination 

a)  glass  slide   (precleaned  in  detergent  and  water) 

b)  ultra  sonic  bath 

c)  infra-red  lamp 

d)  beaker 

e)  10-20  copper  electron  microscope  grids   (200  mesh) 

f)  Whatman  if4  0  filter  paper 

g)  vacuum  evaporator,  e.g.  Varian  VE-10 

h)  transmission  electron  microscope 
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4. 


Reagents 


For  Sample  Preparation 


0,57o  V/V  Kodak  Photo-Flo  200  solution. 
For  Grid  Preparation 

a)  0.37o  V/V  Kodak  Photo-Flo  200  solution. 

b)  0 .  27o  -   0.5%  W/V  Formvar  Solution 

Dissolve  0.2  -  0.5  g  of  Monsanto  Formvar  {15/95E) 
in  100  ml  of  ethylene  dichloride. 

c)  chloroform 


a)  For  air  samples,  cut  e.  1  cm  or  wider  portion  of  the 
folded  filter,   from  the  crease  to  the  edge. 

b)  For  water  samples,   shake  the  sample  bottle  by  hand 
for  10  minutes  and  immediately  filter  200  ml  through 
a.  4  7  mm  dia.   nuclepore  filter  of  0.2  \im  pore  size, 
using  vacuum. 

c)  Carefully  place  the  air  filter  aliquot  or  the  entire 
filter  from  the  water  sample  in  a  precleaned  vial 
{Z7  mm  X  20  mm  dia.  ^  with  a  snap  cap) . 

d)  Place  the  vial  upright  in  a  low  temperature  plasma 
machine  and  ash  at  less  than  J  C f7  °  C.  Normally  six 
filters  can  be  ashed  in  one  batch.     The  time  required 
for  ashing  is  4-8  hours. 

e)  Pipette  1-2  ml  of  distilled  water  into  the  vial. 

f)  Suspend  the  ash  by  sonification  in  an  ultrasonic 
bath  for  2  minutes . 

g)  Rinse  a.  10  microliter  syringe  with  the  sample  sus- 
pension,  twice.     With  extreme  care,  transfer  1-5 
microliters  of  the  suspension  onto  a  detergent 
treated  carbon  coated  grid,   fastened  to  a  microscope 
slide  by  means  of  double  coated  tape.     Store  the 
remainder  of  the  sample  in  a  refrigerator. 

h)  Dry  the  grid  under  vacuum  in  a  desiccator,  with  the 
drop  facing  downwards. 


5. 


Sample  Preparation 
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i)   Remove  the  grid  from  the  slide  with  a  pair  of  tweezers, 
place  it  on  the  grid  cartridge  and  insert  into  the 
microscope . 

j)  Examine  the  grid  at  a  magnification  of  500 X  for  un- 
iform particle  distribution.  Discard  any  grid  with 
nonuniform  distribution  and  prepare  a  fresh  grid. 

k)   Count  the  number  of  fibres  on  25  grid  squares ^   at  a 
magnification  of  20,000X.     The  grid  is  viewed  in  two 
diagonal  passes  at  right  angles  to  each  other.  The 
fibres  on  the  centre  square  are  counted  only  once. 

1)  If  uncertain  as  to  the  identity  of  any  fibre,  obtain 
an  electron  diffraction  pattern.  Classify  and  count 
according  to  criteria  given  below. 


6 .     Fibre  Identification  and  Counting  Criteria 

A  fibre  is  defined  as  a  particle  with  a  length  to  width 
ratio  of  ?i :  1  or  greater,  and  whose  length  lies  in  the  micron 
or  submicron  range. 

A  bundle  is  defined  as  a  particle  with  parallel  sides, 
containing  a  number  of  fibres  adhering  to  each  other.  Gen- 
erally only  chrysotile  fibres  form  bundles.     The  width  of  a 
bundle  is  usually  a  multiple  of  the  width  of  a  single 
chrysotile  fibre. 

A  cluster  is  defined  as  a  mass  of  randomly  oriented 
fibres  or  bundles,   usually  containing  chrysotile. 

Chrysotile ;     A  fibre  which  displays  a  hollow  tubular 
morphology,  or  any  fibre  which  gives  a  diffraction  pattern 
resembling  that  of  standard  UICC*  chrysotile.  Chrysotile 
fibres  are  generally  about  40  nm  to  50  nm  in  width. 

Amphibole ;     A  fibre  other  than  chrysotile  having  parallel 
sides,  generally  stepwise  basal  cleavage,  or  giving  electron 
diffraction  patterns  resembling  those  of  UICC  standard 
amphiboles . 

Chrysotile  and  amphiboles  are  considered  to  be  asbesti- 
form  minerals. 

Fibres  with  non-asbestif orm  diffraction  patterns  or 
those  giving  no  diffraction  pattern  are  classed  as  "other" 
fibres . 


*  Union  International  Centre  le  Cancer 
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Fibres  are  counted  by  the  following  procedure: 

-  each  individual  fibre  is  counted. 

-  each  bundle  is  counted  as  1  fibre. 

-  fibres  and  bundles  crossing  each  other  will  each  be 
counted  as  one  fibre. 

-  fibres  or  bundles  crossing  a  grid  bar  into  another 
grid  square  are  counted  if  the  grid  bar  crossed  is 
the  left  hand  or  bottom  bar  of  the  grid  square. 

-  fibres  or  bundles  crossing  the  right  hand  or  top 
bar  of  the  grid  square  are  not  counted. 

-  clusters  are  counted  and  reported  as  such  but  not 
included  in  the  calculations  as  individual  fibres. 

For  each  grid,  a  total  of  fifty  fibres   are  sized  by 
length  and  width. 


7 .     Preparation  of  Carbon  Coated  EM  Grids 

Although  carbon  coated  EM  grids  are  commercially  available, 
the  cost  of  the  grids  and  the  unknown  asbestos  contamination 
level  make  it  advisable  to  prepare  such  grids  in  the  clean 
room  facilities  of  the  laboratory.     The  procedure  for  carbon 
coating  of  grids  is  given  below. 


a)  Sonify  a  glass  microscope  slide  successively  in 
detergent  solution,  distilled  water,  alcohol,  Kodak 
Photo-Flo  20  0  solution,  for  a  period  of  about  2  min- 
utes in  each  fluid, 

b)  Dry  the  slide  completely  under   an  infra-red  lamp.  When 
it  has  cooled  to  room  temperature,  dip  it  into  Formvar 
solution  for  5-10  seconds.     Remove  the  slide,  dry  it  for 
about  30  seconds  and  dip  it  into  Formvar  solution 
again . 

c)  Dry  the  slide  under  the  infra-red  lamp  for  15  minutes. 

d)  Cut  the  Formvar  film  around  the  slide  edges  and  float 
the  film  off  the  slide  in  a  beaker  of  distilled  water. 

e)  Place  I 2(9  copper  electron  microscope  grids   (200  mesh) 
on  the  Formvar  film. 

f)  With  a  piece  of  Whatman  #40  filter  paper,  scoop  up  the 
Formvar  film  with  the  electron  microscope  grids  held 
between  the  film  and  the  filter  paper. 
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g)  Coat  the  Formvar  film  with  a  layer  of  carbon 
(50-100  nm)   in  a  vacuum  evaporator. 

h)  Dissolve  the  Formvar  film  with  chloroform,  leaving 
a  thin  film  of  carbon  on  the  grid. 

i)  Examine  2  grids  for  background  chrysotile  contamin- 
ation.    Discard  the  batch  of  grids  if  the  asbestos 
level  is  greater  than  2  fibres  per  10  grid  squares. 

j)   Place  1  lit  fo  Photo-Flow  200  solution  onto  each  grid 
with  a  micro  pipette  or  syringe  and  spread  the  drop 
evenly.     Dry  the  grids  under  an  infra-red  lamp. 


8 .     Calculations  and  Reporting 

The  results,   in  terms  of  number  of  fibres  per  unit 
volumie  are  calculated  by  the  formulae: 

Concentration  in  air  =   {no.    of  fibres/cc) 

(~X      b)   X   Area  of  grid        ^  vol.    of  suspension  ^ 

Area  of  grid  square  vol.    of  aliquot 

Area  of  exposed  filter  ^       1       ^  1 
Area  of  filter  aliquot       V  air  10^ 

Concentration  in  water  =   (no.   of  fibres /litre ) 

1  ,    t.  Area  of  grid         „  vol.   of  suspension  „  1 

(X    -    b)     X   -?  ''r-f^   X   j—^  t:  —   X    Tr  T"!  

Area  of  grzd  square  vol.    of  al^quot         V  water 

where  X  =  average  no.  of  fibres  per  grid  square 

b  =  blank  value.     The  acceptable  maximum 
blank  value  is  0.2  fibres  per  grid 
square   (average),   for  chrysotile. 

V  air  -  volume  of  air  filtered  in  cubic  metres. 

7  water  =  volume  of  water  filtered  in  litres. 

The  results  are  reported  in  terms  of  total  fibre 
concentration   (number  and  mass)   and  the  number  and  mass 
of  each  fibre  type   (chrysotile,  amphibole,  and  other  in- 
organic fibres) .     Fibre  length  and  distribution  are  also 
reported  for  each  fibre  type.     A  computer  is  used  to 
generate  the  analytical  report.     The  report  format  and 
program  listing  are  available  on  request. 
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9 .     Precision  and  Accuracy 

The  precision  of  the  method  depends,  among  other  factors, 
on  the  uniformity  of  the  fibre  distribution  on  the  grid,  the 
number  of  fibres  present  and  the  number  of  grid  squares  viewed. 
The  standard  deviation  of  the  average  number  of  fibres  per 
grid  square  is  2  fibres/grid  square  for  a  range  of  0.4  to 
20  fibres  per  grid  square .     The  counting  precision  is  calcu- 
lated by  computer  and  reported  for  each  sample.     Data  are 
being  collated  to  determine  the  overall  precision  of  the 
method . 

The  accuracy  of  the  method  was  determined  by  taking  a 
suspension  of  UICC  chrysotile  B  of  measured  fibre  concentra- 
tion through  all  the  analytical  steps.     The  recovery  by 
fibre  count  was  found  to  be  70%,  with  no  change  in  the  fibre 
size  distribution.     It  must  be  emphasized ,  however,  that  the 
accuracy  of  any  asbestos  method  cannot    be  exactly  deter- 
mined as  no  standards  for  air  or  water  samples  are  available. 
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matter  of  interest. 
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